Abstract-The medical records, conventional radiographs, bone scans and pelvic CT scans obtained in 50 consecutive patients with malignant lesions involving the osseous pelvis were retrospectively reviewed. In 21 patients with primary bone tumors or with osseous involvement from adjacent pelvic neoplasms, CT provided additional information, in 17 patients (80%) which had direct bearing in the clinical management. CT was less useful in 29 patients with bony metastases. Although more information was obtained, this was of clinical significance in only 12 patients.
INTRODUCTION
Malignant lesions involving the osseous pelvis are sometimes difficult to evaluate if not occasionally overlooked by conventional radiography. This is due to the peculiar anatomy of the pelvic bones and its frequent obscuration by overlying bowel contents.
On the basis of its cross sectional display and ability for fine delineation of bone and soft tissue densities, computed tomography (CT) appears particularly well suited to image the bony pelvis and its abnormalities [l-7] . This retrospective review attempts to assess the impact of CT on the diagnosis and management of malignant lesions of the bony pelvis.
MATERIALS AND METHODS
The medical records and the CT scans obtained in 50 consecutive patients with malignant tumors involving the osseous pelvis were retrospectively reviewed. Plain films, conventional tomograms and radionuclide bone scans in these patients were also evaluated. There were 17 females and 33 males with ages ranging from 12 to 78 yr (mean age, 43 yr).
CT examinations were performed with a Delta 50 FS or a GE CT/T 8800 total body scanners. All images were analyzed with appropriate gray scale settings for bone in addition to the regular soft tissue display.
Consecutive scans of the entire pelvis were obtained in all patients with 5-12 mm collimation depending on the clinical indications and type of scanner used. Most scans were performed in the supine position with occasional prone examinations to decrease discomfort in patients with painful lesions. Oral and intravenous contrast material was given to most patients mainly to evaluate intrapelvic extensions and relationship to vascular structures and pelvic organs.
The impact of CT scanning was arbitrarily graded as follows: no additional information: 0 points; additional information, but without influence in patient management: 1 point; additional information with influence in patient management: 2 points (includes: determinations of surgical resectability, alteration of radiation therapy ports, alteration of chemotherapy protocols, CT guided biopsy with positive results); demonstration of a lesion unsuspected prior to CT: 3 points. 
RESULTS
Ten patients had primary pelvic bone tumors (Table 1) . Direct extension from extraosseous pelvic malignancy was found in eleven patients (Table 2) . In 29 patients CT demonstrated metastatic neoplasm to the osseous pelvis (Table 3) .
According to our grading method CT scans had the highest score in those patients with direct extension from extraosseous pelvic malignancy: 2.09 points. Primary tumors had an average of 1.9, and distant metastases 1.3 points.
Analysis of Tables 1 and 2 shows that in all patients with primary osseous tumors and in those with bony involvement from adjacent neoplasms, CT provided additional information. This had a direct bearing in the patient clinical management in 80% (16/21). CT was less useful in patients with osseous metastases. More information was obtained in 72% (21/29). However, this was of clinical significance in only 41% (12/29). Radionuclide bone scans demonstrated abnormal uptake in 20 of 22 patients (91%) in which CT evidence of bony involvement was present. The two false negative studies occurred in a patient with recurrent bladder carcinoma with erosion of adjacent bone ( Fig. 3 ) and in another patient with a small lytic lesion of the pubis from Burkitt's lymphoma.
Conventional tomography was obtained in 5 of the 10 patients with primary osseous malignancies. In 3 of these, CT scans were definitely more informative regarding soft tissue mass and extension of tumor across sacro-iliac joints. Angiography and ultrasonography were seldom employed and no comparison will be attempted.
Case I

ILLUSTRATIVE CASE REPORTS
A 13-yr old male presented with a large painless mass in the left lower quadrant. The patient had a rhabdomyosarcoma of the left lumbosacral area resected at age two. Surgery was followed by radiation therapy to the tumor bed and systemic chemotherapy. He had been without evidence of disease until the present admission. Plain radiographs of the pelvis revealed a large osteoblastic lesion in the right ileum with questionable involvement of the left sacrum, consistent with a radiation induced osteogenic sarcoma (Fig. 1A) . Subsequent 99"'Tc-MDP bone scan demonstrated a large area of increased uptake in the left hemipelvis, however sacral involvement could not be ruled out (Fig. 1B) . CT scan demonstrated a sharp cleavage plan still present between the tumor and the left sacral wing, in addition to accurate delineation of the intrapelvic extension of the tumor (Fig.  1C) . Extensive work-up failed to show evidence of distant metastases. A successful left hemipelvectomy was performed confirming the CT findings.
Case 2 A 28-yr old male noticed a sharp pain in his left buttock about 3 months prior to his current admission, due to increasing pain and appearance of a palpable mass in the area.
Percutaneous needle biopsy revealed undifferentiated soft tissue sarcoma. Chest radiographs showed metastatic lung disease. CT scan of the pelvis to evaluate local extent of the disease showed a 20 cm soft tissue mass involving the gluteal muscles from the iliac crest to the acetabulum (Fig. 2) . Evidence of bone invasion at the posterior aspect of the left ileum was noted. Radiation therapy ports were outlined according to the CT information.
Case 3
A 62-yr old male had a previous history of partial cystectomy and chemotherapy for squamous cell carcinoma arising in a bladder diverticulum.
A right pelvic mass displacing the bladder to the left and causing right sided ureteral obstruction was noted at urography (Fig. 3A) . No evidence of bony involvement was present in plain films or radionuclide bone scan. A CT scan for therapy planning demonstrated invasion of the medial supra-acetabular portion of the right ileum (Fig. 3B) .
Case 4
A 48-yr old male status post penile resection for squamous cell carcinoma had a CT scan of the abdomen and pelvis for evaluation of tumor spread. This study disclosed a 1 cm solitary lytic lesion in the left ischium, substantiated in plain radiographs of the pelvis obtained after the CT scan diagnosis (Fig. 4A-C) . Follow-up films of the pelvis showed significant increase in lesion size 3 months later, despite chemotherapy, consistent with a growing metastatic lesion (Fig. 4D) .
Case 5
A 70-yr old female was admitted to the hospital with a 6 week history of progressive weakness and numbness of the legs more marked on the right side. Urinary incontinence had developed in the week prior to admission. Past history included a total abdominal hysterectomy for adenocarcinoma of the uterus 13 yr previously without known recurrence. In the initial work-up lumbosacral spine radiographs were interpreted as showing degenerative changes at L5-Sl apophyseal joints and sacroiliac joints without evidence of bone destruction. Pelvic ultrasonography was negative. A CT scan of the abdomen and pelvis disclosed an extensive destructive lesion of the right side of the sacrum with partial involvement of the left sacral wing (Fig. 5) . Also numerous irregular low density lesions within the liver parenchyma were felt to be indicative of metastatic disease. Subsequent metrizamide myelography demonstrated an irregular, largely circumferential extradural encroachment upon the caudal sac with obliteration of the sacral nerve root sleeves distal to the L5-Sl space presumably secondary to extension from the sacral neoplasm. A sacral bone biopsy showed a poorly differentiated adenocarcinoma. The patient was referred to radiation therapy and after 4400 rad to the sacral area partial symptomatic relief was obtained.
DISCUSSION
Problems in the diagnostic imaging of the osseous pelvis are partly due to its complex anatomy. The sacral curvature, oblique orientation of the sacroiliac joints, sigmoid shape of iliac bones and foreshortening of ischiopubic rami, militate against its accurate display by conventional radiographic and tomographic projections [3] . The cross sectional view afforded by CT helps unravel superimposed bony structures. Superimposition of the sacral wing and the posterosuperior iliac bone creates difficulty in the correct assignment of pathologic processes in this area on routine radiographs. Our experience is in agreement with other authors regarding the superiority of CT in delineating abnormalities adjacent to the sacroiliac joints [3,5-81. Obscuration of lesions of sacrum and ileum by overlying bowel contents in pelvic X-rays and by bladder activity in radionuclide bone scans is obviated by CT. Soft tissue masses associated with pelvic malignancies are directly and precisely imaged by CT. In our study this translated into very specific determination of tumor margins which facilitated radiation therapy planning.
In our series of primary osseous malignancies originating in the pelvic girdle, the specific diagnosis was either available from previous biopsy or strongly suggested from conventional radiographic studies prior to CT. However in 9 of 10 patients in this group, the ability of CT to determine precise extension of tumor was instrumental in affecting therapeutic management. Decisions regarding the feasibility and scope of surgical procedures were greatly aided. CT demonstration of extent and anatomic relationships of soft tissue components of osseous neoplasms was used to advantage in outlining radiation therapy ports, for optimization of treatment planning (Fig. 6) .
A large number of patients with primary malignancies of the pelvic organs are examined with CT for staging, follow-up and evaluation of recurrent disease [9-131. CT has shown in several instances direct extension of disease to the osseous pelvis not demonstrated in conventional X-rays or even clinically silent. This had a significant impact on stage upgrading and on the general oncologic management of these patients. In this regard the need for analysis of the CT image using proper window widths and levels for bone, in addition to the usual soft tissue display cannot be overemphasized [l] . Routine application of this principle has enabled us to diagnose unsuspected bony invasion in patients with soft tissue tumors (Fig. 2) and pelvic organ malignancies (Fig. 3) . CT also discovered metastatic lesions to the pelvic skeleton undisclosed by other imaging modalities (Figs 3, 5) . Skeletal scintigraphy is the most sensitive method currently available for the early detection of bone metastases [14, 151. The high sensitivity of radionuclide scanning was again shown in our series (91%) confirming it as the screening modality of choice in the diagnostic work-up of patients suspected of metastatic bone disease. Bone scans are however, nonspecific and increased uptake may be produced by Paget's disease, arthritis, trauma and other nonmalignant conditions.
Correlation with radiographs of areas of increased uptake or symptomatic sites is recommended to avoid false results [16, 173. In 3 of our patients conventional X-rays did demonstrate arthritic changes at the site of abnormally increased uptake but no neoplastic involvement. However, subsequent CT documented definite bone destruction. There were two patients with negative bone scans and radiographs in which CT demonstrated small lytic lesions (Fig. 3) . False negative bone scans have been described with purely lytic lesions, and those smaller than the resolution of the current imaging instruments . The potential value of CT in selected patients with lumbosacral neuropathy has also recently been described [20, 21] . Although we do not recommend CT of the pelvis for primary evaluation of metastatic bone lesions the value of CT in equivocal circumstances should be recognized.
SUMMARY
A retrospective review of pelvic CT scans and medical records of 50 consecutive patients with malignant tumors involving the osseous pelvis was performed. Ten patients had primary pelvic bone tumors: Osteosarcoma, chondrosarcoma, Ewing's tumor, chordoma. Eleven patients had direct osseous extension from other pelvic malignancies: carcinoma of the bladder, cervix, rectum. Twentynine patients had metastatic lesions to the bony pelvis from bladder, prostate, lung, melanoma, breast and other primary tumors.
The impact of CT scanning was arbitrarily graded as follows: no additional information: 0 points; additional information, but without influence in patient management: 1 point; additional information with influence in patient management: 2 points (includes: determination of surgical resectability, alteration of radiation therapy ports, alteration of chemotherapy protocols, CT guided biopsy with positive results); Demonstration of lesions unsuspected prior to CT: 3 points.
In all patients with primary osseous tumors and with osseous involvement from adjacent pelvic neoplasms, CT added information, which had direct bearing in the patient's clinical management in 80% (17/21 = 80%).
(Cl 
